We calculate the decay rates due to spontaneous emission for electronic states described by Trojan wave packets. The spontaneous decay rate for a typical Trojan state (nϭ60) is six orders of magnitude smaller than the ionization rate and it is about one order of magnitude smaller than the rate for the corresponding ordinary circular Rydberg state. ͓S1050-2947͑97͒07411-8͔ PACS number͑s͒: 31.50.ϩw, 32.70.Fw, 32.80.Ϫt It has been recently shown theoretically ͓1-6͔ that in highly excited atoms placed in a strong, resonant circularly polarized electromagnetic wave there exist dressed electronic states in the form of nonstationary, nonspreading wave packets, called Trojan wave packets ͓1͔. These states are highly stable against ionization ͓5͔ with a lifetime of about 10 6 Kepler periods for wave packets corresponding to nϭ60. In the present paper we calculate the decay rate of Trojan wave packets due to spontaneous emission and show that this process is much slower that the ionization. The concept of Trojan states has been further generalized ͓7-11͔ by adding the magnetic field to achieve an even stronger stabilization of the wave packets. However, in the present paper we do not consider the influence of the magnetic field.
It has been recently shown theoretically ͓1-6͔ that in highly excited atoms placed in a strong, resonant circularly polarized electromagnetic wave there exist dressed electronic states in the form of nonstationary, nonspreading wave packets, called Trojan wave packets ͓1͔. These states are highly stable against ionization ͓5͔ with a lifetime of about 10 6
Kepler periods for wave packets corresponding to nϭ60. In the present paper we calculate the decay rate of Trojan wave packets due to spontaneous emission and show that this process is much slower that the ionization. The concept of Trojan states has been further generalized ͓7-11͔ by adding the magnetic field to achieve an even stronger stabilization of the wave packets. However, in the present paper we do not consider the influence of the magnetic field.
In order to perform the calculation of the lifetime, we have to generalize the standard method based on the Fermi golden rule, as shown in ͓12͔, to deal with transitions between nonstationary, rotating states. The dynamics of Trojan wave packets interacting with the quantized electromagnetic field is governed by the Hamiltonian
where E is the amplitude of the driving, circularly polarized wave propagating in the z direction, E denotes the electric field operator
and H field is the free-field Hamiltonian
We use the expansion of the electric-field operator into the spherical waves to carry through the transition to the rotating frame ͓12͔. 
͑4͒
Under this transformation the Schrödinger equation i‫ץ‬ t ͉͘ϭH͉͘ undergoes the change
where
and
The electronic part of this Hamiltonian
describes the electron dressed by the driving electromagnetic wave. Since H el is time independent, it has stationary eigen-
͑9͒
Transitions between these eigenstates will be accompanied by emission of photons due to the coupling Ϫer•E to the quantized electromagnetic field.
The Trojan states are not strictly the eigenstates of H el , but they are rather long-lived resonances. Their wave functions are well localized near the zϭ0 plane and also in the radial and the azimuthal variables on this plane. Due to their spatial localization they can be effectively described ͓1,4,11͔ in the harmonic approximation when the Coulomb potential is expanded around the classical equilibrium point x 0 ,
The results based on such an expansion depend on the choice of the coordinate system. It has been shown in ͓2͔ that the harmonic approximation in the polar coordinates leads to wave packets that spread much more slowly than the original Trojan wave packets ͓1͔ obtained in the Cartesian coordinates because they much more closely approximate the ''true'' Trojan wave packets obtained by the exact numerical diagonalization ͓4,5͔ of the Hamiltonian ͑8͒. Nevertheless, we shall use here the simplest Trojan wave packets ͑in Cartesian coordinates͒ to calculate the spontaneous decay rate since the improved wave functions would not change any of the prefactors that determine the rate but would only slightly modified the values of the relevant dipole matrix elements.
In the harmonic approximation the Hamiltonian H el can be expressed in terms of creation and annihilation operators ͓1,13͔ where
The state ͉ 0 ͘, having the energy E 0 , is the best localized Trojan state, but it is not the state with the lowest energy because of the inverted sign in the second term in H Q .
Therefore, it can decay into the state ͉ 1 ͘ϭb Ϫ † ͉ 0 ͘ with the eigenenergy E 0 Ϫ Ϫ , emitting a photon. The emitted photon undergoes the rotational frequency shift, as we have shown recently ͓12͔, because it is radiated by a nonstationary, rotating state of the electron. Therefore, the argument of the energy-conservation ␦-function in the formula for the transition rate ␥ T is shifted by ⍀M ,
͑20͒
According to Eq. ͑12͒, the energy difference Ϫ is always smaller than ⍀; hence the negative values of M are excluded by energy conservation. In the dipole approximation the emitted photon has its orbital angular momentum equal to 0 and we are left with only one possible value M ϭ1. This means that the photon polarization matches that of the circularly polarized driving wave, but the photon frequency is different. Thus the final state of the photon is a 11 † ()͉0p͘ and the photonic matrix element appearing in Eq. ͑20͒ is
The final state of the electron has the wave function
Hence the relevant component of the electronic-dipole element is equal to
͑25͒
The decay rate depends on the Kepler frequency ⍀ and the parameter q only,
For the optimal value of qϭ0.9562 the spontaneous decay rate is
When the Trojan wave packet is localized near the circular orbit nϭ60, the Kepler frequency is 2ϫ10 11 s Ϫ1 and we obtain
The spontaneous decay rate per one Kepler period Tϭ1/2⍀ is 1.58ϫ10
Ϫ12
. Thus, it is about six orders of magnitude smaller than the ionization rate. The smallness of the decay rate justifies our use of approximate wave functions since any improvement will not change the main conclusion that the spontaneous decay rate of the Trojan states cannot compete with other decay mechanisms. The spontaneous decay rate for Trojan states is about one order of magnitude smaller than the spontaneous decay rate ␥ R of the circular Rydberg state nϭ60 (␥ R ϭ14 s
Ϫ1
). Circular Rydberg states are known to be exceptionally stable against decay; therefore, it is worth stressing that the Trojan wave packets are even more stable. Their stability relative to that of Rydberg states increases with n since the rates ␥ T and ␥ R scale differently with n. The rate ␥ T as a function of n,
is obtained from Eq. ͑26͒ after expressing ⍀ 2 from Eq. ͑14͒
and by identifying x 0 with the average value ͗r͘ of the radial variable for hydrogenic states ͓14͔ ͗r͘ϭa 0 ͓3n
The rate ␥ R ,
can be calculated from the formulas given in Ref.
͓14͔. The two rates ␥ T and ␥ R become almost equal for the lowest possible value nϭ2. This is much below the region where Trojan wave packets may form. The rate ␥ T is exactly ten times smaller than ␥ R for nϭ80. Thus the Trojan state, a nonstationary, coherent superposition of several Rydberg states dressed by a strong resonant electromagnetic wave, is, quite surprisingly, more stable against spontaneous decay than the stationary, bare Rydberg state. Although a Trojan wave packet represents a quantum state of an electron, it closely resembles a classical charge cloud moving on a large circular orbit. Therefore, one may expect that the decay rates will also be similar in those two cases. In the classical case, we may define this rate as the relative decrease of the electron energy in time
The power radiated by a moving pointlike electron is governed ͑in the nonrelativistic regime͒ by the Larmor formula ͓15͔ The only difference between this result and our result ͑27͒ for a Trojan state is in the value of the numerical coefficient. However, they are of the same order of magnitude, in agreement with the principle of correspondence.
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